Background Positive expiratory pressure (PEP) is a technique used to enhance sputum clearance during acute exacerbations of chronic obstructive pulmonary disease (AECOPD). The impact of PEP therapy during acute exacerbations on clinically important outcomes is not clear. This study sought to determine the effect of PEP therapy on symptoms, quality of life and future exacerbations in patients with AECOPD. Methods 90 inpatients (58 men; mean age 68.6 years, FEV 1 40.8% predicted) with AECOPD and sputum expectoration were randomised to receive usual care (including physical exercise)±PEP therapy. The Breathlessness, Cough and Sputum Scale (BCSS), St George's Respiratory Questionnaire (SGRQ) and BODE index (Body mass index, airflow Obstruction, Dyspnoea, Exercise tolerance) were measured at discharge, 8 weeks and 6 months following discharge, and analysed via linear mixed models. Exacerbations and hospitalisations were recorded using home diaries. Results There were no significant between-group differences over time for BCSS score [mean (SE) at discharge 5.2 (0.4) vs 5.0 (0.4) for PEP and control group, respectively; p=0.978] or SGRQ total score [41.6 (2.6) vs 40.8 (2.8) at 8 weeks, p=0.872]. Dyspnoea improved more rapidly in the PEP group over the first 8 weeks ( p=0.006), however these benefits were not observed at 6 months. Exacerbations ( p=0.986) and hospitalisations ( p=0.359) did not differ between groups. Conclusions We found no evidence that PEP therapy during AECOPD improves important short-term or longterm outcomes. There does not appear to be a routine role for PEP therapy in the management of such individuals.
INTRODUCTION
Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are clinically important events known to accelerate lung function decline, 1 2 decrease quality of life (QOL) 3 and increase the risk of mortality. 4 They are a common cause of hospital admission and are associated with recurrent exacerbations, 5 thereby contributing significantly to the total healthcare burden of chronic obstructive pulmonary disease (COPD). Airway clearance techniques (ACT) involve the application of external forces and manipulation of lung volumes, pulmonary pressures and gas flow in order to shear sputum from the airway lumen towards the mouth. 6 Physiotherapists frequently prescribe ACTs during AECOPDs and perceive their role to be important, 7 however, their clinical impact appears small. 8 Positive expiratory pressure (PEP) therapy involves exhaling against a mild resistance, with the aim of shifting the equal pressure point peripherally to maximise airflow behind sputum and protect against dynamic airway collapse. It appears to confer greater short-term benefit than other ACTs 8 such as a reduced need for and duration of ventilatory assistance, 9 10 and have been recommended for patients with an AECOPD. 11 The increased expiratory time
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associated with PEP may reduce dynamic hyperinflation and improve dyspnoea, therefore addressing a key therapeutic aim during an AECOPD. 12 The long-term effects of performing PEP therapy during an AECOPD on clinically important outcomes such as the incidence of future AECOPDs and QOL have not been investigated. 8 The primary aim of this study was to determine whether the addition of PEP therapy to usual medical care improved symptoms, QOL and incidence of future exacerbations in patients hospitalised with an AECOPD. The secondary aim was to identify whether any baseline characteristics were associated with improved symptoms at discharge.
METHODS

Participants and study design
This multicentre, randomised controlled trial (RCT) was conducted at two public tertiary hospitals in Melbourne, Australia, between August 2010 and January 2013. Ethics approval was obtained from Alfred Health (70/10), Austin Health (H2010/ 03883) and La Trobe University (10-022), and the study was registered at http://www.clinicaltrials.gov on 7 April 2010 (identifier: NCT01101282). All patients hospitalised due to an AECOPD were screened by study personnel, and those with evidence of sputum expectoration or a history of chronic sputum production ('regularly expectorated sputum on most days') who provided informed consent were recruited from respiratory units within 48 h of admission. They were ineligible for recruitment if they had a respiratory condition deemed more significant than COPD (eg, clinical history of primary bronchiectasis, asthma or lung cancer requiring active therapy) even if coexistent with COPD, if they had established airway clearance routines, were breathing via an artificial airway or PEP therapy was contraindicated (undrained pneumothorax; significant haemoptysis; recent facial, oral, oesophageal or skull surgery/trauma; surgical or nonsurgical lung volume reduction procedures, lung transplantation or pneumonectomy within the last 6 months).
Participants were randomly assigned by the treating physiotherapist using consecutively numbered, sealed opaque envelopes to receive a control (usual care) or PEP (usual care+PEP therapy) intervention during their inpatient admission. Block randomisation (blocks of 30), stratified by site, was performed using a webbased sequence generator (http://www.randomization.com) by personnel external to the study. Only participants and treating physiotherapists had knowledge of group allocation throughout the study. The allocated intervention continued throughout any readmissions during the 6-month follow-up period.
Interventions
Control group (usual care)
Usual care consisted of medical therapy including bronchodilators, corticosteroids, antibiotics, supplemental oxygen, prescribed in accordance with COPDX guidelines 13 ; non-invasive ventilation (NIV) if indicated, prescribed according to hospital protocols; and allied health assessment and intervention, as required. Physiotherapists delivered a standardised physical exercise training regime that commenced as early as possible with the aim of achieving 30 min/day of walking or equivalent lower limb exercise. Participants did not perform any ACTs except coughing, as needed. In the event of a serious clinical deterioration requiring airway clearance, additional ACTs were provided by the ward physiotherapist, as determined by a senior respiratory registrar or consultant. This was ceased at the earliest onset of clinical improvement. Upon discharge from hospital, participants were encouraged to resume usual activities and remain as physically active as possible.
PEP group (usual care+PEP)
Participants performed PEP therapy via a mask (Astra Tech AB, Molndal, Sweden) in an upright position with elbows resting on a table. Participants were instructed to breathe at tidal volume with a slightly active expiration for 8-10 breaths to achieve a pressure of 10-20 cm H 2 O, monitored initially via a manometer. This was followed by one huff from a low lung volume (small inspiration, prolonged expiration), one huff from a mid-lung volume (moderate inspiration, moderate expiration) and two strong coughs.
14 Five repetitions were performed each session, as tolerated, totalling approximately 20 min duration. If the mask interface was unable to be used effectively, a mouthpiece attachment was connected instead. Each day participants were supervised once and encouraged to perform two further independent sessions using a laminated written instruction card. Daily therapy continued until hospital discharge or 24 h without sputum expectoration, whichever came first. No other ACTs were performed except coughing, as needed.
Outcomes and data collection
Participants were assessed at admission, discharge, 8 weeks and 6 months following discharge. The primary outcome was selfreported symptom severity as measured via the breathlessness, cough and sputum scale (BCSS). This validated 15 instrument generates a total daily score ranging from 0 (no symptoms) to 12 (severely affected), with mean changes of 0.3 considered small, 0.6 moderate and ≥1 substantial. Daily BCSS scores were recorded throughout the entire 6-month study period without aggregation over time.
The principal secondary outcome was the St George's Respiratory Questionnaire (SGRQ) 16 (1-month Australian version), measured at all assessments except discharge. Use of ventilatory assistance and hospital length of stay was calculated at discharge. During the initial admission, growth of bacterial or viral organisms in sputum samples was recorded, and sputum colour was rated by an assessor using the 5-point Bronkotest sputum colour chart (Bronkotest, London, UK). Measures of body mass index (BMI), lung function severity (FEV 1 %), dyspnoea (modified Medical Research Council (mMRC) scale) 17 and exercise tolerance (6 min walk distance (6MWD)) 18 were recorded at all assessments except admission to derive the BODE index.
18
A paper-based home diary comprising the BCSS plus antibiotic and oral corticosteroid use was completed daily throughout the study period. Compliance was monitored via telephone calls that were fortnightly until 8 weeks then monthly until 6 months. The number of AECOPDs, respiratory-related hospital admissions (total number, time to first episode, and total hospital days) and all-cause mortality were recorded at 8 weeks and 6 months. An AECOPD was defined as a worsening of symptoms (increase in daily total BCSS score of ≥1) or healthcare utilisation (HCU) with commencement of antibiotics and/or corticosteroids. 19 Subsequent AECOPDs were distinguished by at least 5 days of stable symptom scores preceding an increase in symptoms or treatment, where data were available. Participation in pulmonary rehabilitation during the follow-up period was also recorded, as a potential confounder of long-term outcomes.
A sample size of 98 was calculated as sufficient to detect a 1-point between-group difference in total BCSS score with 80% power and 95% confidence, based on a daily total score SD of 1.97 during an AECOPD, 15 and a one-tailed hypothesis. An additional 20% allowance for loss to follow-up was planned.
Data analysis
Linear mixed model (LMM) analyses were performed using raw score data from all outcomes with repeated-measures. Each model comprised three fixed effects: group (PEP or control), time (treated as categorical with levels of discharge, 8 weeks and 6 months from discharge), and a group×time interaction. All LMM analyses incorporated these three terms, irrespective of significance, and were performed using an autoregressive repeated covariance type. Estimates of group differences at each timepoint were made using data derived from the interaction term. Baseline data, where available, were incorporated into the model as a covariate. No missing data were manually imputed in accordance with the principles of the LMM method. 20 The effect of treatment over time (interaction effect) constituted the principal endpoint of analyses, however, posthoc between-group comparisons at each relevant time point were performed using a least significant differences adjustment.
Group comparisons for outcomes measured only at discharge and 6 months were performed using unpaired t tests, MannWhitney U tests or χ 2 tests for outcomes with data that were normally distributed, non-normally distributed or calculated in count form, respectively. Time to first event data (AECOPDs, hospitalisations) were assessed via Kaplan-Meier survival analysis using log-rank tests to compare groups.
Subgroup analyses were specified a priori to investigate the effect of the initial exacerbation nature (infective vs noninfective) and the requirement for ventilatory assistance on the primary outcome. For this purpose, an infective exacerbation was defined as a 'type 1' AECOPD 21 with evidence of purulent/ coloured sputum (Bronkotest colours 3-5) and either a raised C-reactive protein (>11 mg/L) or isolation of bacterial or viral pathogen in sputum culture. The effect of a subsequent exacerbation on the primary outcome after discharge was also explored. Each subgroup analysis was performed via addition of a subgroup category, and a subgroup category×group interaction as fixed effects into the LMM.
The secondary aim of the study was addressed by exploring the effect of baseline variables thought to influence symptom severity at discharge using stepwise linear regression with bidirectional elimination. Factors were included when p<0.05 and excluded where p<0.10. These variables were age, baseline FEV 1 , pack-year smoking history, exacerbation type, usual cough and sputum production, sputum colour, admission arterial blood gas and the need for ventilatory assistance in the first Figure 1 Flow of participants through the study (CONSORT diagram). PEP, positive expiratory pressure.
48 h. All analyses were performed using SPSS V.20 (SPSS, Chicago, Illinois, USA). p Values less than 0.05 were considered statistically significant.
RESULTS
Ninety-two participants were recruited from 679 patient admissions (figure 1). The most common reasons for failing to meet the study criteria were a non-productive cough, or the admission was not due to an AECOPD. Two participants were excluded after randomisation without prior knowledge of their group allocation. One did not provide appropriate informed consent (PEP group) while the other withdrew consent due to concerns regarding the risks of PEP (control group). Table 1 shows the key participant characteristics of both groups.
Protocol tolerance and safety
During the initial hospital admission, 17 participants required a mouthpiece for PEP therapy due to concurrent oxygen or noninvasive ventilation, difficulty maintaining an airtight seal, discomfort or other reasons. Four participants were unable to perform any PEP throughout their admission, while six did not complete the required number of supervised sessions. This was due to fatigue/drowsiness, severe dyspnoea, onset of haemoptysis, acute delirium, lack of equipment or declining physiotherapy. One participant reported dizziness and palpitations after PEP (known resting tachycardia), and another experienced a transient episode of vocal cord dysfunction (known unstable comorbidity), however, both completed the full study protocol. Eight participants did not complete their independent PEP sessions (reasons not specified) and 12 (control group) were unable to complete their physical exercise regime as required. The incidence of serious clinical deterioration due to all causes or acute sputum retention in both groups was low and did not significantly differ (table 2) .
Primary outcome
Mean BCSS scores improved steadily in both groups from admission to 6 months, however, the between-group differences were not significant (interaction effect, p=0.978) ( figure 2,  table 3 ). No significant differences were apparent for any mean breathlessness, cough or sputum component scores (non-total) over time. Daily BCSS scores varied considerably from day to day during the follow-up period (frequently >1 point), yet were not regularly associated with HCU or onset of antibiotics or corticosteroids.
Secondary outcomes
There were no significant differences in mean SGRQ total or component (symptoms, activity, impact) scores between the two groups over time (table 3) , however, both groups demonstrated improvements from admission to 8 weeks in excess of the minimum clinically important difference (MCID) of four points. 16 No significant differences were found between groups for mean hospital length of stay or use of ventilatory assistance (table 2). The median incidence of exacerbations, hospitalisations and antibiotic therapy in both groups during the follow-up period was low and not significantly different (table 4) . There were no significant between-group differences in the time to first exacerbation ( p=0.599, figure 3 ) or first hospitalisation (p=0.257, figure 4) . Participation in pulmonary rehabilitation during the follow-up period did not differ between groups.
Total BODE scores did not differ significantly between groups over time, however, a significant difference was detected for mMRC scores (p=0.006, figure 5 ). For participants in the PEP group only, mean mMRC scores improved from discharge to 8 weeks, but this was not maintained at 6 months. Exercise tolerance (6MWD) tended to improve more rapidly in the PEP group ( p=0.052, figure 6 ). Two participants (one from each group) died during the initial hospital admission. Ten (4 PEP) were deceased at study completion ( p=0.484 for between-group comparison, table 4).
Subgroup analyses
The nature (infective or non-infective) of the initial AECOPD ( p=0.180) and the need for ventilatory assistance ( p=0.342) did not significantly influence the severity of symptoms over time. There was no significant effect due to exacerbations after discharge ( p=0.050), however, mean BCSS scores for participants in the control group who did not experience an exacerbation were consistently lower (better) than others.
Baseline variables associated with symptom severity at discharge
The need for ventilatory assistance within the first 48 h of admission was significantly associated with a 2.4 unit (SE 0.97) reduction (improvement) in BCSS scores at discharge. A history of low usual sputum production (<1 teaspoon/day) was significantly associated with a 1.3 unit (SE 0.57) increase (worsening) in BCSS scores at discharge. The regression model was significant (p=0.011) but explained only 17% of the total variance in the mean discharge BCSS score (based on the adjusted R Square statistic).
DISCUSSION
This was one of the largest studies to evaluate the effectiveness of an ACT during a hospitalised AECOPD. The results are clinically relevant as the pragmatic study design involved treatment by usual physiotherapy and medical staff in a typical hospital environment. Compared to usual care and physical exercise, additive PEP therapy demonstrated minimal benefit on shortterm and long-term outcomes relevant to patients and healthcare providers.
The symptom severity (BCSS) scores reported during the initial hospital admission (mean admission score 7.5) were greater than those previously reported. 15 22 Large improvements until discharge occurred in both groups (mean discharge score 5.1), however, the mean between-group differences were neither statistically nor clinically significant (table 3) . This was most likely explained by a negligible treatment effect, not by instrument insensitivity. This lack of treatment effect in BCSS scores was reported in a recent large RCT (n=527) comparing manual chest physiotherapy techniques ( percussions and vibrations) with breathing exercises to breathing exercises alone during an AECOPD. 22 Participants in the PEP group demonstrated more rapid improvements in dyspnoea (mMRC scores) after discharge compared to those in the control group. The magnitude of score differences within or between groups over any timepoints, however, was less than the MCID of one point. 23 Conversely, the trend regarding between-group differences for 6MWD failed to reach statistical significance, yet the mean change from discharge to 8 weeks for the PEP group (53 m) exceeded the MCID of 25 m. 24 25 These small, delayed effects of PEP therapy seem unusual for a cohort of patients who do not usually perform ACTs at home and appear to lack clinical significance.
There are very few studies of PEP therapy during AECOPDs to enable comparison of our results. A study (n=27) by Bellone and colleagues 9 found PEP mask therapy safe and effective for patients Table 3 Between-group comparisons of adjusted mean (SE) data from linear mixed-model analyses with acute hypercapnoeic respiratory failure requiring NIV compared with usual care, however effectiveness was defined by enhanced sputum expectoration and improved weaning time. In the present study, the incidence of NIV was much lower and no benefits regarding weaning were observed. Sputum expectoration was not measured during the current study, however, the limitations of this outcome are well documented. 26 Due to a slower than anticipated recruitment rate it was not possible to reach the target of 98 participants. However, it appears unlikely that an additional eight participants would have affected the findings relating to the primary outcome. The large day-to-day variability in total BCSS scores observed throughout this study suggests the variability in our sample was greater than that from which the power calculations were derived. 15 This highlights a challenge in identifying sensitive outcomes for airway clearance studies. Other limitations include the lack of sham ACT in the control group and concomitant failure to control for physiotherapist time. The study was not powered to detect a difference for some secondary outcomes (QOL, exacerbations and hospitalisations), however, the results were consistent with previous studies of ACTs in AECOPDs. 22 27 The low incidence of adverse events and overall mortality was also consistent with those previously reported. 8 28 This study reiterated the safety and tolerability of PEP therapy in patients with an AECOPD. Logistic issues concerning its use in patients with concurrent oxygen therapy or NIV were overcome via simple mouthpiece adaptations, however, the potential effect of nasal air-leak due to the absence of a noseclip was not monitored. While PEP therapy remains relatively infrequently prescribed for patients with an AECOPD compared to other breathing exercises, 7 29-31 this is more likely due to limiting factors such as access and cost of commercially available equipment.
It has been proposed that patients with copious secretions (30 mL/day) or an impaired cough may benefit more from ACTs than others. 32 33 While this study did not seek answers to these specific questions, we identified that consideration of patients' need for early ventilatory assistance and usual sputum expectoration may be important determinants of symptom severity at hospital discharge. Identifying a COPD 'ACT responder' group remains a potentially valuable clinical prospect, however, this may prove unfeasible due to the significant sample sizes required for statistical power when using outcomes of high clinical importance.
In conclusion, this study did not show any appreciable benefit of PEP therapy on symptoms, QOL or incidence of future exacerbations in patients with an AECOPD and associated sputum production, despite large study numbers and strong methodological rigour. Careful consideration of the aims and effectiveness of such therapy should therefore be made before advocating for PEP therapy in patients with AECOPD. Our findings do not support a routine role for PEP therapy in AECOPD, even in those productive of purulent sputum.
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